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We propose a simple model to theoretically study the conductance of atomic-sized magnetic contacts. Our
approach considers in detail the case of two-atom contacts with two spin channels, and the conductance is
calculated using Landauer theory in the ballistic regime. For ferromagnetic contacts, we examine the large
magnetoresistance effect obtained, when changing the magnetic configuration of the leads from parallel to
antiparallel. We also discuss nonmagnetic transition metals nanocontacts, where conductance measurements
display a behavior similar to magnetic contacts. Our treatment of the above phenomena reveals the important
role played by quantum fluctuations in the contact region.
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I. INTRODUCTION
The study of electronic transport properties in mesoscopic
magnetic structures is attracting growing interest due to po-
tential applications in microelectronics and information tech-
nologies in their drive for reducing the size of devices.1–5 Of
most interest is the change in resistivity due to applied mag-
netic fields, namely, the magnetoresistance MR effect
which occurs in ferromagnetic nanocontacts6–9 and in mag-
netic tunneling junctions MTJ’s.10 The effect is order of
magnitude larger in nanocontacts, with values of MR in the
range of 300–3000 %, as been reported in the current
literature.8,9 In contrast, typical MR values encountered in
MTJ’s are at most of the order of 30%.10 The dissimilar
behavior of the above systems is due to different scattering
mechanisms that dominate their transport properties. For
MTJ’s, the majority and minority spin densities of states at
both sides of the tunneling junction are interchange with the
applied magnetic field, being the transport governed by tun-
neling and density of states effects.11–15 In nanocontacts, the
MR effect is attributed to strong electron scattering from
narrow domain walls which are formed in the contact
region.1–5,8 Due to the constricted geometry and the rapid
variation of the magnetization across the domain wall, the
electron spin cannot follow adiabatically the local
magnetization,2 as it is the case in bulk ferromagnets.16 In
this paper, we discuss atomic-sized point contacts, a situation
that has been realized in practice in some experiments.6,7,17
When the size of the contact region is reduced to atomic
dimensions, the physics involved is ruled by pure quantum
phenomena. If two ferromagnetic electrodes are joined by a
ferromagnetic nanowire, transport of conduction electrons
will be affected by the magnetic profile across the wire.
When the electrode magnetizations are oriented antiparallel,
a quantum wall or “kink” will be generated at the center of
the nanowire. The width of this atomic wall depends on the
relative strength of quantum fluctuations, which in turn will
scatter conduction electrons through the spin magnetic cou-
pling. The above interaction lifts the spin degeneracy of con-
ducting channels, reducing the conductance quantum to
e2 /2 for each channel. Differently from the phenomena
discussed above, where the MR effect is associated with nar-
row domain walls in the region of the nanocontact, for quan-
tum walls the local magnetic moment varies significantly
over an atomic scale. We are aware that a practical imple-
mentation of the above idealized setup is still a challenge for
experimentalists.6
Several theoretical approaches to this problem have been
presented.6,18,19 In this paper we propose a simple model to
describe the conductance of an atomic-sized contact, relating
the above to microscopic parameters of the theory in a very
intuitive way. In particular, concerning the MR effect, we
stress the important role of quantum fluctuations. For a quali-
tative understanding of the physics involved, we solve an
example which can be worked out analytically, i.e., the case
of an atomic contact made up of two atoms, with two spin
channels. The atoms are connected to ferromagnetic elec-
trodes, which for simplicity are assumed to be identical. Also
the atoms are of the same species as the electrodes we dis-
cuss ferromagnetic transition metals. This is a crude, but not
trivial, simplification of the case discussed above. The prob-
lem can be readily extended to N-site atomic wires, but in
general, one has to rely on numerical solutions.
For the atoms at the contact, the d orbitals will be more
localized than in the bulk. Their higher degree of localization
and the reduced dimensionality produce an enhancement of
the local magnetic moment in the contact region.20 Our ideal
setup of the contact selects only two spin channels coming
from the same orbital function, which for simplicity, is as-
sumed to be of s character. The local moments couple among
themselves and with the magnetic electrodes via the ex-
change interaction. The former will be treated with some
detail in order to consider the strong quantum fluctuations at
the contact and the latter will be handled within an effective
field theory which models the electrodes as spin reservoirs.
Carriers flowing through the contact interact with the mag-
netic moments via the s-d exchange21
Hsd = − 
i
JsdiS i ·  x − xi , 1
which depends on the contact magnetic configuration and
originates the MR effect. In relation 1, S i and  are the
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local moment and the spin of carriers, respectively. For a
nanostructure, the interesting regime is the ballistic one, and
the contact conductance is calculated using the Landauer
formalism.22–25 We also discuss in the present paper the case
of nonmagnetic transition metals Pd and Pt nanocontacts,
where conductance measurements, in the absence of applied
magnetic fields, show a lifting of spin degeneracy, in a way
similar to magnetic contacts.17
The content of this paper can be described as follows: In
the next Section we develop the theoretical basis for the
transport properties of a magnetic nanowire placed between
two ferromagnetic electrodes. In Sec. III, we show analytic
formulae for the conductance in the limit of two-atom con-
tact, and calculate the MR effect for ferromagnetic nanocon-
tacts. In Sec. IV, we analyzed the case of nonmagnetic metals
and discuss some experimental data. Finally, a few conclu-
sions and remarks are added in the last section.
II. THEORETICAL FRAMEWORK
The nanostructure to be studied is shown schematically in
Fig. 1. The nanowire is thought to be fabricated from a thin
ferromagnetic wire by mechanical stretching.6 Due to mag-
netic anisotropy effects, the magnetization tends to be paral-
lel to the wire which we choose as the z axis. In an ideal
setup, the wire has two small coils at both ends that generate
small magnetic fields. The conductance can be measured dur-
ing the elongation process, which allows the selection of the
number of channels involved. Let us consider, for the sake of
simplicity, that only two spin channels for s-like orbitals are
allowed for transport near the Fermi level of the reservoirs.
The measurement is done in the two-terminal configuration,
where one measures the potential drop through the contact
and the leads. With small applied magnetic fields, one can
change the magnetic state of the leads and switch between
the parallel P and antiparallel AP configurations, where
the electrode magnetizations are parallel and antiparallel, re-
spectively. The magnetic configuration of the leads, impos-
ing different boundary conditions, affect the whole distribu-
tion of the magnetic moments along the nanowire.
The quasi-one-dimensional geometry tends to align the
magnetization along the wire direction due to shape-induced
anisotropy. We model such effect in the nanowire, adopting
an Ising-like interaction J between the magnetic moments
local spins along the same direction. Quantum fluctuations
are taken into account through a transverse field h, which
couples to the transverse spin components. Spins at both ex-
tremities of the nanowire are also coupled to the ferromag-
netic leads. This interaction is represented by two effective
fields H1
z ,HN
z , whose values depend on the magnetic con-
figuration. For definiteness, the magnetic properties of the
nanowire are described by the following Hamiltonian:
















x spin components do not commute, this is a
truly quantum model.26 The transverse field may represent
either the coupling between transverse components of the
spin or/and spin-orbit effects. For the AP alignment of the
electrodes, i.e., H1=−HN, a quantum wall or kink is formed
at the center of the wire, whose localization depends on the
relative strength of the quantum fluctuations induced by h.
The same transverse field is responsible for the admixtures of
the ↑ and ↓ spin states in the region of the wall. For an
infinite chain, Hamiltonian 2 describes a quantum phase
transition, with a ferromagnetic phase for J2gh, and it
is exactly solvable using the Jordan-Wigner transformation.
In finite systems, strong size effects develop, driven by the
different boundary conditions.27 As a quantum mechanical
model, the properties of Hamiltonian 2 are similar to the
axial anisotropic XXZ ferromagnetic Heisenberg model.
Consider now the one particle Hamiltonian of a conduc-





p2 /2m being the kinetic energy and Hsd the s-d exchange of
Eq. 1. As usually done, we have neglected the Zeeman
energy and the spin-orbit interaction in Eq. 3. In principle,
the above Hamiltonian includes also the leads as space avail-
able for conduction electrons. However, we will expand our
field variables see below only in terms of the wire degrees
of freedom. Hopping of carriers from and to the electrodes
will be taken into account in the Landauer formula Sec. III.
So, in second quantized variables, our fermion field opera-












where 	i are orbital functions centered at the ith site of the
atomic wire, 
 the corresponding Pauli spinor, and ci the
fermionic annihilation operator.
The truncated electronic Hamiltonian in second quantized
form is given by
FIG. 1. The ideal setup of a nanocontact made from a thin wire
by mechanical stretching. The inset shows the nanowire generated
between the two leads. The coils placed at the extremities produce
small magnetic fields that control the magnetic configuration. In the
figure, we are displaying the case of the AP setup in a ferromagnetic
wire. A voltage is applied between the two leads.












† cj↓ + ij
z ci↑
† cj↑ − ci↓
† cj↓ 4
with the definitions
tij = d3x	i*x	 p22m
	 jx 5
as the usual hopping along the wire,
ij














are hopping constants with spin flip induced by the trans-
verse s-d exchange, and
ij






is the longitudinal component of the s-d exchange without
spin flip. Note that in Eqs. 6–8, we have replaced the
local magnetic moment operators by their mean values ob-




z is known which strongly depends on
the boundary condition, the transport properties are deter-
mined by Eq. 4. The latter problem can be approached via
perturbation theory, splitting Eq. 4 into two parts
H = Ho + HI,
where we assume an unperturbed Hamiltonian H0, which













† ci↑ − ci↓
† ci↓ , 9
where i tii. Since tii tij and probably tii tij, with
i j, this is a very reasonable choice. This unperturbed
Hamiltonian has an exact solution easily attainable, noting
that it is diagonal in the site index but not in the spin. To
write the perturbed transfer Hamiltonian, we consider that
the overlapping between wave functions is significant only













† ci+1,↑ − ci↓
† ci+1,↓ + H.c. 10
The first term in Eq. 10 is the usual tight-binding hopping;
terms with i,i+1
± come from the s-d interaction and yield
hopping with spin flip, and the last term with i,i+1
z is a
spin-dependent hopping without spin flip. To evaluate the
coefficients ’s, some simplifications on the wave functions
are assumed: i all sites in the wire are equivalent, i.e., the
wave functions are equivalent in its shape, differing only by
a translation; ii if each wave function is well localized
around its corresponding site, the overlapping between wave
functions will be significant only for first neighbors. If the
amplitude of the ith wave function at the center of the orbital
is 	ixi, the amplitude of the same wave function evaluated
at neighboring sites i±1 is dampened by a factor , with
1. In general  may be a complex number, but here we
assume that it is real:
	ixi+1  	ixi−1  	ixi .
Overlap with more distant neighbors is neglected, i.e.,
	ixk	i+1xk  0
for xkxi and xkxi+1. The value 	ixi2	2, which is
thought as the maximum of the probability distribution, does
not depend on the site label. Assuming that the exchange
integral Jsd is also uniform along the wire, we define the
site-independent coupling
K1 = Jsd	2. 11
This yields
ii
 = − K1Si
 + 2Si−1




 = − K1Si
 + Si+1
  , 13
where = +,−,z. By symmetry we have Si
y=0 for the
eigenvectors of Eq. 2. So we have Si
+= Si
− and they are




+  + Si+1
+  = Si
− + 2Si−1





z  + Si+1
z  , 15
i,i+1 = Si
+ + Si+1
+  = Si
− + Si+1
−  , 16
i,i+1 = Si
z + Si+1
z  . 17




† ci − K1
i
ici↓
† ci↑ + ci↑
† ci↓
+ ici↑





† ci − K1
i
ici↓






† ci+1, − K1
i
i,i+1ci↓
† ci+1,↑ + ci↑
† ci+1,↓
+ i,i+1ci↑
† ci+1,↑ − ci↓





† ci+1, − K1
i
i,i+1ci↓
† ci+1,↑ + ci↑
† ci+1,↓
+ H.c., 19
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where ti,i+1
 is a spin-dependent hopping parameter
ti,i+1
  ti,i+1 − K1i,i+1, 20
with =±. Diagonalization of H0 can be readily obtained,
with spin hybridized orbitals of the form
i,− = cos ii↑ + sin ii↓ , 21
i,+ = sin ii↑ − cos ii↓ , 22
with energies Ei
=iK1i, respectively, where i
=i2+i2. If i is not very different from the bulk, the s-d
exchange produces a splitting of the two states  around the
Fermi level of the leads, leaving only one channel available
for conductance at low temperature. The angle i of the local








In the context of perturbation theory, through the Fermi
Golden Rule, the probability i+1,HIi,
2 is directly
related to the transmission along the wire. In a multichannel
situation, the conductance for a two terminal configuration is
obtained through the Landauer formalism22–25
G =
e2
2j Tj , 24
where Tj is the transmission coefficient for the jth conduc-
tion channel.
It is important to note that for a short nanowire, due to
correlation effects, only single electron hopping processes
contribute to the current. In the next section we will describe
the simplest case of the above, in the low voltage and low
temperature regime: the conductance for a nanocontact made
up of two atoms.
III. CONDUCTANCE FORMULA FOR A NANOCONTACT:
FERROMAGNETIC LEADS
Assuming that the mean perturbation energy and applied
voltages are smaller than the splitting between the funda-
mental and the excited levels 21 and 22, one can safely
assume that only the fundamental state will be occupied by
conduction electrons. If the exchange field is estimated in the
range 2Jsd0.1–0.5 eV, this value poses the limits of the
low-temperature low-voltage regime. We now apply the con-
cepts developed in Sec. II to the particular case of a two-
atom contact. The Landauer theory allow us to determine the





where the transmission coefficient T is calculated with the
transfer Hamiltonian 19 for two sites. Within our simplified
model, assuming that the s-d exchange is of ferromagnetic
character K10, the transmission will be proportional to
the transition probability 2−HI1−2 of the electron to
hop from site 1 to site 2 conduction from left to right in-
duced by the applied potential, occupying the lowest-energy
state available at each site in the contact. The above transi-
tion probability will yield a modification of the usual hop-
ping probability due to magnetic scattering at the contact. To
get the transmission coefficient, the transition probability






Still, we have to include the magnetic polarization of the
electrodes in relation 26. An electron, coming from one of
the electrodes with a definite spin, will choose one of the
channels available at the contact where the spin states are
mixed, and then will be transferred to the other electrode
with a definite spin again. It is immediate that the above
process will be proportional to the product of the correspond-
ing densities of state of the spin bands at both electrodes.
Writing the densities of states at the Fermi level as
D
SEF, with = ↑ , ↓  being the spin and S= L ,R labeling




REFcos2 1 cos2 2 + D↑
LEFD↓
R
EFcos2 1 sin2 2 + D↓
LEFD↑
R
EFsin2 1 cos2 2 + D↓
LEFD↓
R
EFsin2 1 sin2 2, 27
with the index C= P,AP labeling the magnetic configura-
tion of the electrodes and the superscript  refers to the
states i−. In writing Eq. 27, we have assume that the
applied voltage is very small in relation to the Fermi energy,
and that the densities of states slowly vary in the vicinity of
the Fermi level. This is an appropriate description of the s
conduction band. The polarization factor fC
− is evaluated for
the two magnetic configurations we want to compare. We
assume that the magnetization of the left electrode is fixed,
and that the right can switch from parallel to antiparallel in
all other respects, the electrodes are identical. The polariza-





where M m denotes the majority minority spin band. For
the AP setup, the majority and minority bands at the right
electrode are interchanged in relation to the left one. Proper








where C=P,AP. The above yields the correct quantum of
conductance per spin channel in the ideal case. If the two
conduction channels contribute to the conductance, and ne-
glecting inelastic processes, the total conductance is given by












The crossed transition amplitudes, represented by
2−HI1+ and 2+HI1−, are forbidden unless one
considers inelastic processes. To measure the magnetoresis-







Note that the MR does not depend on the t0 constant.
For N=2 one can diagonalize the magnetic Hamiltonian
2 in the Si
z basis ↑↑, ↑↓, ↓↑, ↓↓, using an obvious
notation. In the parallel configuration of the fields H1=H2
=H, if the transverse parameter h is only a weak perturba-
tion in comparison with H a case with strong anisotropy,
we hope the ket ↑↑ be the dominant one. In contrast, ↓↓
will give a negligible contribution to the fundamental state of
the spin distribution along the wire. On symmetry grounds,
we can write the fundamental state in the form
P = A↑↑ + B↑↓ + ↓↑ + C↓↓ . 31











A2 − C2 . 33
For the antiparallel configuration H1=−H2=H, the state
↑↓ is supposed to be the most important in the fundamental
state if the electrode magnetization strongly imposes the
boundary condition, as ↓↑ is a less significant term. Again,
symmetry considerations lead to
AP = Ā↑↓ + B̄↑↑ + ↓↓ + C̄↓↑ , 34





−AP = B̄Ā + C̄ , 35
S1




Ā2 − C̄2 . 36
Knowing the spin averages, the parameters i, i, i,i+1, and
i,i+1 in relations 14–17 are determined. Now we will ob-
tain AĀ, BB̄, CC̄ from the magnetic Hamiltonian using
perturbation theory, which is more convenient to work with
analytic expressions. First, we rewrite the magnetic Hamil-



















and the label PAP denoting the configuration scheme. If the
nondiagonal terms of Eqs. 37 and 38 can be considered as
perturbations, i.e.,  /21, we can obtain AĀ, BB̄, and




















↑↑ + ↓↓ .
41
Notice that the parameter CC̄0 is of second order in .
The states 40 and 41 are normalized with respect to the
first order approximation. Also note that for = ±2, we have
to apply degenerate perturbation theory and formulas 40
and 41 are not valid. Since those values are peculiar of the
two-site problem, we will ignore them. On physical grounds,
and considering the definition 39, we can safely assume
that 2 and 1.
Using the above results, we have for the nanocontact in
the P configuration
1 = 2 =  = BA + C1 + 2
=
1 + 2




1 = 2 =  =
1 + 2
2
A2 − C2 =
1 + 2




12 =  = A2 − C2 =





12 =  = 2BA − C 
2




and in the AP one
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1 = 2 = ̄ = B̄Ā + C̄1 + 2
=
1 + 2




1 = − 2 = ̄ =
1 − 2
2
Ā2 − C̄2 =
1 − 2




12 = ̄ = 0,
12 = ̄ = 2B̄Ā − C̄ 
2




The lowest energy states of H0 are given by Eq. 21.
Using the values for the P configuration, one gets
1− = cos P1↑ + sin P1↓ , 42
2− = cos P2↑ + sin P2↓ , 43


















	1 + F cos 2P
1 + F

2t − K1 sin2P
+  cos2P2, 45
with t= t12 being the hopping parameter.
In the case of the AP configuration, the same formulas
lead to
1− = cos AP1↑ + sin AP1↓ , 46
2− = sin AP2↑ + cos AP2↓ , 47








within the same approximation, with the ratio
̄/̄ =
1 + 2
1 − 2 − 2
.




	1 + F cos 2AP
1 + F

2t sin2AP − K1̄2.
49





and making use of the fact that the parameter  in both P and
AP configurations is small, which means a strong anisotropy
































which is essentially the ratio of the transverse field to the
longitudinal one. The above formulas for the conductance













 1 −  1
1 + +















1 − 24 + 21 − 42−
2
2
  21 − 4−





Some comments are now in order.
i Equations 51 and 52 contain interference effects in
the form of mixed kinetic and magnetic contributions. In
general, t, , , , and ̄ may be complex, leading to phase-
dependent conductances.
ii The nonmagnetic limit K1=0 , F=0 is rather subtle,
and cannot be directly obtained from the above formulas.
When K1=0, the two states i,− and i,+ are degenerate
and one has to include the two channels with the crossed
transitions as well. That yields the result e2 / for both the
P and AP conductances in the ideal situation t= t0.
iii When t=0, one enters the tunneling regime. As long
as t0, the MR as given by Eq. 30, does not depend on t,
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except through the parameter , which measures the s-d ex-
change in units of the hopping constant. Of the remaining
parameters,  carries information about the distance between
the two atoms and ± measures the strength of the transverse
field  relative to the longitudinal .
iv If the s-d exchange is of antiferromagnetic character,
one has to interchange the roles of i,− and i,+.
v The extremely anisotropic limit →0, yields infinite
MR. In this limit, the spin flip transition probability at the
contact vanishes, closing the channel in the AP setup.
vi The polarization introduces a small reduction of both
conductances, but an enhancement of the MR effect, since
APP.
vii Within the anisotropic regime studied, GAP is always
smaller than GP, yielding a large MR effect.
Now we estimate the MR effect in our model system.
Adopting, as an example, the values 2=0.1, =0.3, and
=4, which are reasonable values for typical transition
metals, and a weak polarization F=0.2, which we hope
may represent a s band, we obtain the results depicted in
Fig. 2, as a function of the transverse field . Note that
paramount values of MR are obtained even for values
0.8 G /G370% . In the strong anisotropic regime
→0, the spin flip channel closes and GAP→0, yielding an
infinitely large MR. On the other hand, for very large  spin
flip and spin conserving processes are evenly present, with a
vanishing MR. The inset in the figure is intended to compare
with values of the ballistic MR in nanocontacts obtained
when only density of states effects are taken into account. In






which is the same expression as the one obtained by Julliere
for magnetic junctions.30 In this latter case, as shown in the
inset of Fig. 2, huge values of the polarization are needed to
get qualitative agreement with some experimental data for
nanocontacts.8,9 This is at variance with our simple model
which strongly hints that such high values of the MR may be
attributed to spin-dependent scattering at the atomic contact.
We note that present control of experimental arrangements is
on the verge of the atomic scale,7,17,20 as proposed in the
present idealized theory.
IV. CONDUCTANCE FORMULA FOR A NANOCONTACT:
NONMAGNETIC LEADS
For ferromagnetic electrodes, as shown in the previous
section, the magnetic configuration P or AP greatly changes
the conductance. In an ideal experimental setup, the configu-
ration is monitored by applying small local magnetic fields in
the leads. In Ref. 17, conductance measurements were re-
ported for atomic contacts obtained through the break junc-
tion technique, for ferromagnetic Co and nonmagnetic Pd
and Pt transition metals, at room temperature without exter-
nal magnetic fields. In all the cases, histograms of the con-
ductance show sharp peaks at about e2 /2, the quantum
of conductance for one channel. For ferromagnetic Co, the
above behavior closely corresponds to what was calculated
in the previous section for the P setup, where the magnetiza-
tions of the electrodes are parallel. The s-d exchange splits
the channels at the contact, the splitting being larger or of the
order of room temperature, and the conductance results near
the value e2 /2. Small corrections from the latter to
lower values are due to polarization effects, different hop-
ping amplitude, and magnetic scattering from quantum fluc-
tuations at the contact see Eq. 51, for example. Indeed,
the value of the conductance peak value reported in Ref. 17
is slightly smaller than e2 /2.
It remains the question of the nonmagnetic transition met-
als. It is well known that Pd develops a giant moment when
hosting magnetic impurities. Actually, Pd is placed below Ni
in the periodic table and has similar electronic properties,
except that Ni is ferromagnetic and Pd not, but nearly. Then,
it is reasonable to assume that localization and anisotropy
effects on d orbitals may induce a magnetic moment at the
contact. The same will be true for Pt, which is just below Pd,
but with a much smaller polarization. For those systems, the
conductance can be calculated following similar procedures
as those developed in Secs. II and III, with the additional
proviso that the leads are nonmagnetic. For the two-atom
contact, we solve either Eq. 37 or 38 with =0 free end
FE boundary conditions. This can be done exactly in
closed form, with a ground state FE which has the general
form 31, with A=C
FE = A↑↑ + ↓↓ + B↑↓ + ↓↑ , 56
where the coefficients are given by
A = C =





21 + 21/41 + 1 + 21/2
. 57
For very small , 0, the state has dominant contributions
from the ↑↑ and ↓↓ states. For very large , all coefficients
FIG. 2. MR for typical parameters  , , in the case of small
polarization F=0.2, as a function of the transverse field . In the
inset, we display the ballistic MR as calculated through relation
55 as a function of the magnetic polarization.
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go asymptotically to the same value A ,B ,C→1/2, with
equal admixtures for all the states of the base this is the
regime of large quantum fluctuations. But what is important
for the conductance, is that A=C for any . We will elaborate
on this below. Once that the magnetic ground state is known,
we calculate the parameters of the electronic Hamiltonians
18 and 19, using the same approximation which replaces
the spin operators by their averages on the magnetic ground
state. This calculation yields the results




 =  =  = 0. 58
So, we get an energy splitting of the channels i− and i+











with the site index i=1,2, i.e., for FE boundary conditions,
the probability of finding the spin in the up or down state is
the same for both, i− and i+. Since the parameters
 , identically vanish due to the symmetry A=C, the
spin-flip terms cancel out in the transfer Hamiltonian 19,








Assuming that conduction electrons are s-like, the hopping t
is not very different from the bulk hopping t0, and the con-
ductance is close to the value e2 /2 of the quantum for
one channel. Comparing with the ferromagnetic case GP dis-
cussed above Eq. 51, the value for GFE should be closer
from below to the quantum value. The physics for the latter
case is simple: the s-d exchange at the contact produces the
splitting of the two channels, but the conductance is free
from magnetic scattering effects due to the FE boundary con-
ditions. We note that our result agrees with the findings of
Ref. 17.
V. CONCLUSIONS
Now, we make a summary of what was done in the
present article. We have shown the possibility of obtaining
paramount values of MR in atomic ferromagnetic contacts, if
one can handle the magnetic configuration of the leads. This
fact is in qualitative agreement with some important
experiments.8,9 In the AP setup, a quantum wall is produced
at the contact, which for a two-atom case is illustrated by the
state 41. This configuration conducts, as long as the elec-
tron spin entering the contact can be flipped. This possibility
is allowed by quantum fluctuations at the contact, which de-
velop as a manifestation of the reduced dimensionality of the
device. In our simplified model, they are taken into account
through a transverse field , which may also incorporate, in
an effective way, spin-orbit effects. The MR, as defined by
Eq. 30, can be made as large as wanted, if one can suppress
quantum fluctuations, i.e., when →0. Of course, we know
that this process has fundamental limits due to the uncer-
tainty principle, and the probability of spin flip may be very
small but never null. The large values of MR measured in
nanocontacts, cannot be explained as a density of state effect,
unless huge polarizations are assumed in the contact region
see Fig. 2. As shown in Ref. 19, ab initio electronic struc-
ture calculations for ferromagnetic nanocontacts yield MR
values which are at most of the order of 50%. In contrast, our
simple model suggest that such high values of MR may be
attributed to spin dependent scattering at the atomic contact,
even in cases where the polarization of carriers is small. Note
however, that our results cannot be directly applied to the
experiments of Refs. 8 and 9, which display a variety of
different setups and probably involve more than two spin
channels.
The s-d exchange splits the spin channels at the contact.
Actually, if the quantization axis of the spin is chosen along
the polarization of the leads, the states at the contact are spin
hybridized and split in energy around the bulk Fermi level.
We have assumed that conductance occurs by way of s-like
orbitals, and that d orbitals are mainly localized at the con-
tact and responsible of the local magnetic moments. The
same general assumptions were used to analyze the case of
nonmagnetic transition metals in Sec. IV. Quantum fluctua-
tions for the latter case are however stronger, in the absence
of a boundary condition that fixes a privileged direction in
space. As a net result, the spin flip scattering terms cancel in
the transfer Hamiltonian 19.
Even in this simple case with two spin channels, quantum
noise can be expected at finite temperature, due to fluctua-
tions between the states allowed for the electronic conduc-
tion at each site. In a break junction device, one can also
have mechanically induced fluctuations of the distance be-
tween the atoms, which in our theoretical picture can be
handle with the  , t parameters. One interesting possibility
for applications, would be the resonant excitation of the sec-
ond channel by microwave radiation, switching on and off
another quantum of conductance.
The analysis of the different parameters entering the
theory is now in order. Parameter  carries information about
the distance between the atoms. The hopping parameter t is a
function of the shape of the conduction orbitals as well as the
proximity between them. If a given orbital shape is assumed,
both are interrelated. For s-like electrons, we have assumed
that t is not very different from the bulk hopping t0. Also the
polarization of the band described by F is assumed to be
small. For the MR, the hopping parameter t enters as a scale
factor. The MR result slowly varies as function of the above
set of parameters, as long as they change over a reasonable
range that keeps the system in the ballistic regime.
On the other hand, important parameters in our theory are
the exchange and the transverse field.  is a measure of the
exchange in units of t and is related to the energy splitting
between the channels. Finally, ± describes the relative
strength of magnetic quantum fluctuations at the contact, and
C. A. DARTORA AND G. G. CABRERA PHYSICAL REVIEW B 72, 064456 2005
064456-8
is proportional to the transverse field . Our approach shows
that  is the relevant parameter for the MR phenomenon. The
reduction of dimensionality and coordination at the contact
localizes the d states and enhances their magnetic moments,
for both the spin and orbital contributions.20 Thus, the effec-
tive transverse field  may have an important spin-orbit cou-
pling component. Even for Pd and Pt, experimental results
prove that atomic contacts develop magnetism.17 We used
the above fact in our calculation of the conductance of such
systems in Sec. IV.
The low dimensionality of the contact also reduces
screening effects. Correlations among carriers have a twofold
consequence: suppression of dissipative current flows and
conduction by single electron processes. A single electron,
hopping through the contact, “sees” the rapid fluctuating
magnetic moments via their average value. This picture is
supported by the experimental results reported in Ref. 17.
Extensions of the present work includes the study of the
conductance of a nanowire constituted by more than two
atoms and a multichannel treatment of the Landauer formal-
ism, involving other orbitals. One important feature to inves-
tigate at finite temperature is the spectral density of current
noise for the present two-channel model.31
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